Studies ofribulose-1,5-bisphosphate (RuBP) carboxylase from taxonomically diverse plants show that the enzyme from Cs and crassuacean acid metabolism pathway species exhibits lower Km(CO2) values (12-25 micromolar) than does that from C4 species (28-34 micromolar ground in a mortar with 100 mm Bicine buffer (pH 8.0) containing 25 mm MgCl2 and 1 mm DTT (about 4-10 ml). The homogenate was centrifuged at 25,000g for 15 min, and 0.5 ml of the supernatant was eluted through a 0.8 x 15 cm column of Sephadex G-25, equilibrated in the same buffer. The void volume which contained RuBP carboxylase was collected and saved. The partially purified enzyme extract (1.0 ml) was preactivated in 5 mm NaHCO3, and then assayed by measuring the fixation of ["C]-bicarbonate. The reaction mixture containing 100 mm Bicine and 25 mm MgCl2 (pH 8.0) was prepared C02-free, and flushed with N2 prior to using it. Assays (total volume of400 ,ul) were performed in l-ml stoppered vials (Pierce Reacti-vials No. 13221) which had been flushed with N2. For Km(CO2) determination, the HCO3 concentration ranged from 0.4 to 16.5 mM, with RuBP fixed at 0.5 mM; and for Km(RuBP) determination, the RuBP concentration ranged from 7.5 to 500,iM, with HCO3 fixed at 10.6 mm. Reaction was started by injection of fully activated enzyme (5 ,ld for Km [COu] assays; 2-40 ,ul for Km[RuBP] assays), and stopped after 1 min at 25 C by injection of 0.2 ml 2 N HCOOH. The reaction mixture was then quantitatively transferred to a glass scintillation vial and evaporated to dryness on a hot plate. After the vial had cooled, 1.0 ml distilled H20 was added, followed by a 9.0-ml mixture of 5 g PPO in 1 liter toluene plus 500 ml Triton X-100. Each vial was then counted for 5 min in a Searle Delta 300 liquid scintillation counter. The bicarbonate introduced into the assay solution with the enzyme aliquot was taken into consideration when calculating HCO3 concentration and specific radioactivity. The CO2 concentration was calculated from the pH and HCO3 concentration using the Henderson-Hasselbach equation and pK' value of 6.37 at 25 C (16). The Km values were statistically calculated using 
Kinetic studies on RuBP3 (EC 4.1.1.39) from grasses have revealed variation in Km(CO2) values associated primarily with the differences in photosynthetic pathway, and correlated to some extent with taxonomic groupings (19) . It seemed desirable to explore the extent to which the situation in grasses reflects that in the plant kingdom as a whole, and to extend the observations to include Km(RuBP). The present article reports on the Km(C02) and Km(RuBP) of RuBP carboxylases from taxonomically and ecologically diverse samples ofplants, including cryptograms, seed plants, and both terrestrial and aquatic forms, with a view to discover the extent of variation in Km values, and whether these reflect differences in photosynthetic pathway, taxonomic relationships, or ecology.
MATERIALS AND METHODS Plant Material. Plants were grown from seeds or collected from the field, and their identities were checked with reference to appropriate floristic works.
Enzyme Preparation and Assay. All extraction and purification procedures were carried out at 0 to 4 C. Leaves (about 2 g) were ' Taxonomy Unit. 2 Depanment of Environmental Biology. 3 Abbreviations: RuBP, ribulose-1,5 bisphosphate. ground in a mortar with 100 mm Bicine buffer (pH 8.0) containing 25 mm MgCl2 and 1 mm DTT (about 4-10 ml). The homogenate was centrifuged at 25,000g for 15 min, and 0.5 ml of the supernatant was eluted through a 0.8 x 15 cm column of Sephadex G-25, equilibrated in the same buffer. The void volume which contained RuBP carboxylase was collected and saved. The partially purified enzyme extract (1.0 ml) was preactivated in 5 mm NaHCO3, and then assayed by measuring the fixation of ["C]-bicarbonate. The reaction mixture containing 100 mm Bicine and 25 mm MgCl2 (pH 8.0) was prepared C02-free, and flushed with N2 prior to using it. Assays (total volume of400 ,ul) were performed in l-ml stoppered vials (Pierce Reacti-vials No. 13221) which had been flushed with N2. For Km(CO2) determination, the HCO3 concentration ranged from 0.4 to 16.5 mM, with RuBP fixed at 0.5 mM; and for Km(RuBP) determination, the RuBP concentration ranged from 7.5 to 500,iM, with HCO3 fixed at 10.6 mm. Reaction was started by injection of fully activated enzyme (5 ,ld for Km [COu] assays; 2-40 ,ul for Km[RuBP] assays), and stopped after 1 min at 25 C by injection of 0.2 ml 2 N HCOOH. The reaction mixture was then quantitatively transferred to a glass scintillation vial and evaporated to dryness on a hot plate. After the vial had cooled, 1.0 ml distilled H20 was added, followed by a 9.0-ml mixture of 5 g PPO in 1 liter toluene plus 500 ml Triton X-100. Each vial was then counted for 5 min in a Searle Delta 300 liquid scintillation counter. The bicarbonate introduced into the assay solution with the enzyme aliquot was taken into consideration when calculating HCO3 concentration and specific radioactivity. The CO2 concentration was calculated from the pH and HCO3 concentration using the Henderson-Hasselbach equation and pK' value of 6.37 at 25 C (16 Table I are closely similar to those previously given for grasses; and our earlier conclusion (19) (2) .
PLANT RuBP CARBOXYLASES C3 terrestrial plants (mean ± SD = 19 ± 3 um; Table I ), but similar to those of C4 grasses (19 When emergent and floating leaves of aquatic angiosperms differ morphologically from the submerged leaves, the question arises as to whether RuBP carboxylase operating in different "habitats" in the same plant is constant in its kinetics. In fact, observations on enzyme extracted from the emergent and submerged leaves of Myriophyllum propinquum, the floating leaves of Potamogeton tricarinatus, and the submerged leaves of Potamogeton crispus, Potamogeton ochreatus, and Myriophyllum verrucosum show similar (high) Km(CO2) values, suggesting that only one form is operating in these heterophytlous plants. Km Although there is a great deal of overlap in the Km(RuBP) of carboxylases from taxonomically diverse sources, some systematic pattern is detectable. The systematic arrangement of dicotyledonous families remains a contentious subject for taxonomist (14) . However, they are conveniently separable via correlations involving numerous morphological, anatomical, and other criteria, into the major groups, i.e. Crassinucelli and Tenuinucelli (20) which are detectable in most schemes from the nineteenth century to the present day (cf. 4, 6) . Dicotyledonous material has shown Km(RuBP) values from 10 to 34 tsM RuBP (Table I ). The sample from this large plant group is relatively small, but it is noticeable that Crassinucelli generally occupy the lower part of the flowering plant range, falling below 22 uM RuBP (mean ± SD = 18 ± 4 ,uM); while the Tenuinuceli, except for Aciphylla, Petroselinum, and Solanum, range from 22 to 34 jsM RuBP (mean ± SD for al tenuinucellate species = 25 ± 7 tLm), the difference between the two means being statistically significant at 5% probability level. Even the aquatic dicotyledons (Table II) fall into taxonomic line in this context, in that a crassinucellate species (Myriophyllum) has yielded a lower Km(RuBP) value (19 jM RuBP) than has a tenuinucellate one (Hygrophila, 27 uM RuBP).
RuBP carboxylases from monocotyledons seem to exhibit a wider range of Km(RuBP) values than do those from dicotyledons, although the extremes are mainly confined to the Poaceae (Table  III) , which have been more extensively sampled. Some members of the Poaceae (Triticeae, chloridoids, andropogonoids, and "oddments") have Km(RuBP) (Tables I, II, and III) .
In interpreting the above Km(RuBP) values we were concerned with the possibility that some error in the assay procedure could produce random fluctuations in these values. Plants which gave Km(RuBP) values greater than 50 ,iM RuBP were determined several times with similar results and species giving lower Km(RuBP) values were included for assay at the same time, demonstrating that the differences between the species were consistently reproducible.
Km Values, Function and Evolution of RuBP Carboxylase. Variation in the kinetic properties of RuBP carboxylase from phylogenetically diverse sources may represent evolutionary changes in function of the enzyme, necessary for it to operate in environments of changed substrate levels. However, the lack of functional correlation (i.e. in terms of photosynthetic types and ecology) for the variation in Km(RuBP) values is consistent with the possibility that steady-state levels of RuBP in photosynthetic organisms have not been significantly changed during evolution of the photosynthetic system. It may also reflect the fact that Km(RuBP) is relatively unimportant in relation to the enzyme concentration found in vivo, as suggested by Farquhar's model for the kinetics of RuBP carboxylase (8) . At present, there is no obvious teleological or physiological explanation for the enzyme from some species (Bromus spp., S. mollis, I. globosa, P. milioides, and P. stapfianum) showing considerably lower affinities for RuBP. However, the slight taxonomic pattern in Km(RuBP) values is suggestive of phylogenetic divergence in the structure of the enzyme.
The situation regarding Km(CO2) is quite different. Organisms presumed to exemplify primitive photosynthetic systems, namely blue-green algae and unicellular algae, seem to possess CO2-concentrating mechanisms and have RuBP carboxylase with low CO2 affinity (1, 3, 13) . Even the more complex green algae, as exemplified by Chara, Nitella, Codium, and Ulva, exhibit lower CO2 affinity RuBP carboxylase (Table II) . C3 "higher plants," apparently lacking the ability to concentrate CO2, may have evolved high CO2 affinity carboxylase ( 
